dissolved in 250 μL of 6 M guanidine hydrochloride, 20 mM DTT and incubated for 45 min. Subsequently, the denatured protein sample was rapidly diluted into 4 mL of refolding solution containing 5% glycerol, 1.0 M NaCl, 0.5 mM zinc chloride or sodium arsenite, and 20 mM TrisHCl (pH 7.5). The refolded protein sample was then concentrated and subjected to analysis with size exclusion chromatography (SEC) on a Superdex 200 HR 10/30 column, with a buffer containing 20 mM Tris-HCl (pH 7.5), 150 mM NaCl and 1 mM DTT.
Extraction and enzymatic digestion of core histones
Core histones were isolated from cultured human cells following previously reported procedures. 3 Briefly, GM00637, HEK293T and IMR90 cells, either untreated or after a 24-hr treatment with 5 μM arsenite, were harvested by centrifugation at 500g. The cell pellets were subsequently washed with a 5-mL lysis buffer containing 0.25 M sucrose, 10 mM MgCl 2 , 0.5 mM PMSF, 50 mM Tris (pH 7.4) and 0.5% Triton X-100. The pellets were then resuspended in 5 mL of the same buffer and kept at 4ºC overnight. The histones were extracted from the cell lysis mixture with 0.4 M sulfuric acid by incubating at 4ºC for at least 4 hr with continuous vortexing, precipitated with cold acetone, centrifuged, dried and redissolved in water.
Core histone mixtures were digested with trypsin (Roche Applied Science, Indianapolis, IN) at a protein/enzyme ratio of 20:1 (w/w) in 100 mM NH 4 HCO 3 (pH 8.0) at 37ºC overnight. The peptide mixtures were subjected to LC-MS/MS analysis.
LC-MS/MS for the identification and relative quantification of histone H2B K120 ubiquitination
On-line LC-MS/MS analysis was performed on an LTQ-Orbitrap Velos mass spectrometer coupled with an EASY n-LCII HPLC system and a nanoelectrospray ionization source (Thermo, San Jose, CA) for peptide sequencing and ubiquitination identification. The sample injection, enrichment, desalting, and HPLC separation were carried out automatically on a homemade trapping column (150 µm×50 mm) and a separation column (75 µm×120 mm, packed with ReproSil-Pur C18-AQ resin, 5 µm in particle size and 300 Å in pore size, Dr. Maisch HPLC GmbH, Germany). The peptide mixture was first loaded onto the trapping column with a solvent mixture of 0.1% formic acid in CH 3 CN/H 2 O (2:98, v/v) at a flow rate of 3.0 µL/min. The peptides were then separated using a 120-min linear gradient of 2-40% acetonitrile in 0.1% formic acid and at a flow rate of 300 nL/min.
The LTQ-Orbitrap Velos mass spectrometer was operated in the positive-ion mode with a spray voltage of 1.8 kV. All MS/MS data were acquired in a data-dependent scan mode where one full MS scan was followed with twenty MS/MS scans. To obtain high-quality MS/MS, the mass spectrometer was also set up in selected-ion monitoring (SIM) mode where the fragmentations of the [M+2H] 2+ ion of the H2B peptide containing diglycine-linked K120, which represents the ubiquitin remnant after tryptic digestion, was monitored. The quantification of ubiquitination level was conducted in SIM mode by comparing the relative abundances of ions corresponding to the target ubiquitinated peptide (AVTK GG VTSSK) with respect to a reference H2B peptide EIQTAVR, which is not known to carry any post-translational modification, following previously published procedures. 4 
Plasmid construction
The expression plasmids for GFP-RNF20 and Myc-RNF40 were kindly provided by Dr. Yossi Shiloh, 5 and the expression plasmids for GFP-RNF8 and GFP-RNF168 were generously offered by Dr. Jiri Lukas. 6,7 GFP-RNF40 vector was constructed by subcloning the RNF40 coding sequence from the Myc-RNF40 into the unique XhoI and BamH1 sites of pEGFP-C3 vector (provided by Dr. Alan R. Lehmann). The expression plasmids of GFP-RNF20 carrying the C922,924A or C957,960A mutations, GFP-RNF40 harboring the C948,950A or C983,986A mutations, GFP-RNF8 containing C403,406A or C437,440A mutations, and GFP-RNF168 with C16,19A or C51,54A mutations were obtained by site-directed mutagenesis, and the sequences for the mutated plasmids were verified by sequencing.
Streptavidin agarose affinity assay and Western blot
Biotin-As was synthesized by conjugating p-aminophenylarsine oxide (PAPAO) to activated PFP-biotin, 8, 9 and used for streptavidin agarose affinity assay following previously published procedures. 10 Briefly, HEK293T cells were transfected with wild-type or mutant form of GFP-RNF20, GFP-RNF40, GFP-RNF8, or GFP-RNF168. At 24 hr after the transfection, cells were treated with 5 μM biotin-As for 2 hr and lysed in CelLytic TM M lysis buffer supplemented with a protease inhibitor cocktail (Sigma-Aldrich). The cell lysates were incubated with streptavidin agarose at 4ºC for overnight. Streptavidin agarose beads were subsequently washed with 1×PBS and resuspended in SDS-PAGE loading buffer.
After SDS-PAGE separation, proteins were transferred to a nitrocellulose membrane using a solution containing 10 mM NaHCO 3 , 3 mM Na 2 CO 3 , and 20% methanol. The membranes were blocked with 5% non-fat milk in PBS buffer containing 0.1% (v/v) Tween-20 (pH 7.5) for 7 hr and incubated overnight at 4°C with rabbit anti-GFP antibody (1:20000 dilution, Sigma-Aldrich). The membranes were washed with fresh PBS-T at room temperature for five times (10 min each). After washing, the membranes were incubated with HRP-conjugated secondary antibody at room temperature for 1 hr. The membranes were subsequently washed with PBS-T for five times. The secondary antibody was detected by using ECL Advance Western Blotting Detection Kit (GE Healthcare) and visualized with Hyblot CL autoradiography film (Denville Scientific, Inc., Metuchen, NJ). Similar experiments were also conducted by pretreating cells with 10 μM NaAsO 2 , PAPAO, or Zn 2+ for 1 hr prior to the biotin-As treatment.
Fluorescence microscopy for monitoring the interaction between As(III) and RING-finger proteins
HEK293T cells, seeded in 6-well plates at a density of ~3×10 5 cells per well, were transfected with 1.5 μg wild-type or mutant form of GFP-RNF20, GFP-RNF40, GFP-RNF8, or GFP-RNF168 using Lipofectamine 2000 (Invitrogen). Cells were incubated at 37ºC for another 18-48 hr, transferred to cover glasses, and incubated with 5 µM ReAsH-EDT 2 (Invitrogen, Carlsbad, CA) at 37ºC for 1 hr in serum-free Opti-MEM (Invitrogen). After thoroughly washing with BAL buffer, cells were fixed with 4% paraformaldehyde and imaged using a Leica TCS SP5 confocal microscope (Leica Microsystems, Buffalo Grove, IL). Cells were also pretreated with 10 μM NaAsO 2 or PAPAO for 1 hr prior to transfection with wild-type GFP-RNF20, GFP-RNF40, GFP-RNF8, or GFP-RNF168 and treatment with ReAsH-EDT 2 .
Fluorescence microscopy for monitoring the recruitment of DNA repair proteins to laserlocalized DNA DSBs HeLa cells were seeded in a 35-mm glass bottom culture dish (MatTek) and incubated with 0, 5 or 20 µM sodium arsenite at 37°C for 8 hr prior to laser damage. Localized irradiation was performed using a Nikon Eclipse TE2000 confocal microscope equipped with an SRS NL100 S4 nitrogen laser-pumped dye laser (Photonics Instruments, St. Charles, IL) that fires 3-ns pulses with a repetition rate of 10 Hz at 365 nm, with a power of 0.7 nW measured at the back aperture of the 60× objective. The laser was directed to a specified rectangular region of interest within the nucleus of a cell visualized with a Plan Fluor 60×/NA 1.25 oil objective. The laser beam was oriented by galvanometer-driven beam displacers and fired randomly throughout the region of interest until the entire region was exposed. Throughout an experiment, cells were maintained at 37°C, 5% CO 2 , and 80% humidity using a Live Cell TM environmental chamber. After the laser treatment, cells were incubated at 37°C for 10 min and fixed immediately with 4% formaldehyde in PBS at room temperature (RT) for 10 min or with 0.5% Triton X in PBS on ice for 10 min followed by 2% formaldehyde at RT for 10 min. Fixed cells were permeabilized with 0.5% Triton X-100, 1% BSA, 100 mM glycine and 0.2 mg/mL EDTA in PBS on ice for 10 min. The cells were subsequently digested with RNase A at 37ºC. For immunofluorescence staining, cells were incubated at 37ºC for 1.0 hr with primary antibodies for γ-H2AX (Millipore), BRCA1 (Abcam) and RAD51 (Santa Cruz). Cells were subsequently incubated with corresponding secondary antibodies (Alexa Fluor goat anti-mouse or Alexa Fluor goat anti-rabbit, Molecular Probes, Invitrogen) and mounted with ProLong Gold Antifade Reagent with DAPI (Molecular Probes, Invitrogen). Immunostained cells were visualized and imaged using Hamamatsu EM-CCD digital camera attached to the Nikon Eclipse TE2000 confocal microscope.
RNA extraction and RT-PCR
Real-time quantitative RT-PCR for evaluating the expression levels of select DNA repair genes was performed by using the iQ SYBR Green Supermix kit (Bio-Rad) and gene-specific primers for RAD51, BRCA1, XRCC1, KU70, KU80 or the control gene GAPDH as listed in Table S1 .
GFP reporter assays for monitoring DNA DSB repair in cells
U2OS cells with a chromosomally integrated copy of DR-GFP or EJ5-GFP plasmid, either untreated or after a 24 hr treatment with NaAsO 2 , were transfected with the I-SceI expression vector pCBASce.
1 The U2OS-DR-GFP and U2OS-EJ5-GFP cells without I-SceI transfection were used as negative control. Three days after the transfection, cells were washed with PBS and stored in a sorting buffer (1×PBS, 1 mM EDTA, 25 mM HEPES, 1% FBS, pH 7.0) for flow cytometry analysis (BD FACS Aria I, Franklin Lakes, NJ). The U2OS-DR-GFP cells, with or without NaAsO 2 treatment, were also transfected with pCAGGS-GFP to assess whether NaAsO 2 exposure affected the transfection efficiency. 
Colony survival assay
HEK293T cells, either untreated or after a 24-hr treatment with 5 μM arsenite, were plated in 6-well plates in triplicate at densities of 150-8000 cells per well. The cells were subsequently exposed to various doses of neocarzinostatin (NCS) and the cells were immediately attached to the plates. A 'split-dose' protocol was applied, 11 where each NCS dose was split into 15 ng/mL portions applied at 24 h intervals for up to 5 days. Cell colonies grown for 10-14 days were then fixed with 6% (v/v) glutaraldehyde and stained with 0.5% (w/v) crystal violet. Colonies containing at least 50 cells were subsequently counted under a microscope.
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